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Bridgeport Engineers Compare 
Welding With Riveting 
(Reprinted from Dec. 6, 1928, issue, 
Engineering News-Record) 


At a joint meeting of the Bridge- 
port Section, A.S.M.E., and the Engi- 
neers ‘Club of Bridgeport, Conn., re- 
cently, both riveting and welding were 
openly discussed. Chauncey Hanna, 
president Hanna Engineering Works, 
Chicago, Ill., presented a film entitled 
“This Is the Age of Riveted Steel,” 
showing methods of making rivets, 
the application of rivets in modern 
steel fabrication and the use of auto- 
matie riveting machinery that entirely 
eliminates the human element. E. 
Ewertz, for many years manager of 
the Moore plant of the Bethlehem 
Steel Co., stated that this human ele- 
ment exists in both riveting and 
welding, but it is his belief that the 
importance of the human element in 
welding is being overemphasized and 
that good welding rests more on 
proper design, materials, welding 
wire and welding machinery. Slides 
shown by Mr. Ewertz emphasized the 
simplicity of the welded structure and 
gave results of comparative tests on 
a 6-in. I-beam fastened respectively 
by welding and riveting to uprights 
at each end, in which the riveted 
structure failed at a loading of 60 
tons with a deflection of 1 in., while 
the welded structure failed at a load- 
ing of ‘90 tons with a deflection of 3 
in. Mr. Ewertz stated that sixteen of 
the largest shipbuilders in the United 
States used last year more than 24,- 
000,000 cu. ft. of acetylene for cutting 
and welding and that one manufac- 
turer, the Page Steel & Wire Co., sold 
several thousand tons of welding wire 
during 1927. ; 

William Spraragen, secretary, divi- 
sion of engineering, National Research 
Council, told of the important re- 
search work being done by the welding 
industry. All three of the speakers 


admitted that both welding and rivet- 
ing had their own field of application 
and that although the fields overlapped - 
in many cases, there was plenty of 
business for both. In many jobs 
whether riveting or welding is to be 
used will be simply a matter of econ- 
omy. 


Journal Bound Volumes 


The bound volumes of the JOURNAL 
for the year 1928 are now available. 
Each year the Society arranges to 
have bound a limited number of copies 
of the JOURNAL in attractive imita- 
tion black leather covers. A subject 
and authors’ index is included. In this 
way the records of the Society are 
permanently preserved. Copies of 
these bound volumes may be _ pur- 
chased by members of the Society at 
$5 per volume and by non-members 
at $10 per volume. A few bound vol- 
umes still remain for the years 1923- 
1927, inclusive. 


Welding Inspection 


(Reprinted from Dec. 27, 1928, 
Engineering News-Record) 


issue, 


The question of what is a good 
weld and how it may be recognized 
arises in nearly every discussion of 
the possibilities of structural weld- 
ing. The trouble is not with lack of 
an answer, but with the wide diver- 
gence of current opinions and belief. 
Unfortunately, none of these various 
opinions is based upon sufficient facts. 
It is in part true that, as some weld- 
ing enthusiasts charge, the engineers 
who oppose structural welding on the 
ground that it cannot be properly in- 
spected overlook the fact that inspec- 
tion in no field is perfect—that me- 
chanical or physical determinations 
are at best only fragmentary evi- 
dence. But at the same time welding 
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engineers often forget that proof of 
satisfactory inspection methods lies 
wholly with them; at least, to date 
their activity in furthering methods 
of inspection have not been particu- 
larly evident. However, at a recent 
meeting of the American Welding 
Society, C. D. Jensen, of Lehigh Uni- 
versity, described an interesting in- 
vestigation of welding inspection, 
whose aims might well be emulated 
on a wide scale in the welding indus- 
try. Briefly, he attempted by actually 
examining a large series of welds to 
find a set of rules that would meas- 
urably cover the requirements of 
welding inspection. Poor welding as 
well as good welding was done, and 
all welds were inspected by a senior 
engineering student. Professor Jen- 
sen reported that this inspector-ap- 
prentice soon developed surprising 
accuracy in judging welds visually by 
such qualities as porosity, neatness, 
spatter, fusion, overlap, and size and 
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depth. Still greater accuracy w: 
found to result when the inspecto. 
could see the bead run, hear the ar 
and watch the ammeter and voltm: 
ter. The main importance of thes 
tests is that they demonstrated 

commendable curiosity on the part 

their promoters to learn how to i 

spect structural welding; the data « 
visual inspection may be considered 
virtually a by-product. That sight an 
hearing, the two senses which ha 
been relied upon for years in inspect 
ing riveting, are able to perform 

well in weld inspection is most inte: 
esting, and justifies the hope that 
visual inspection may prove as « 
pendable as in the field of riveting 
After all, 
to find an inspection method for welds 
that will be as satisfactory as listen 
ing for the metallic ring of the test 
hammer on a loose rivet head. T 


SECTION ACTIVITIES 


Cleveland 

On Tuesday evening, Dec. 18, 1928, 
the Cleveland Section of the Ameri- 
can Welding Society met at the Engi- 
neering Rooms, Carnegie Hall, and 
Saw a presentation of the new G. P. A. 
films on pipe welding. 

In addition to this, a trade - mark 
contest was put on and great enthu- 
siasm was shown over this feature. 
Prizes will be awarded to winners. 
Approximately 200 attended this 
meeting and the discussions that fol- 
lowed were of benefit to all. 

In January the section’s meeting 
will be devoted to the subject of weld- 
ing of monel, nickel and stainless 
steels. 

Detroit 

The 1929 program of the Detroit 
Section is given herewith. 

Jan. 16—“Resistance Welding and 
Welders, illustrated by slides, by 
H. A. Woofter, chief engineer of 
the Swift Electric Welder Co. 

16—“Combined Demonstration 
and Test Meeting in the Labora- 
tories of the University of De- 
troit.” This meeting will be at- 
tended by all of the local inter- 
ested architects, builders, con- 


Feb. 


great requirement is for more autho! 
itative inspection tests. 
tractors, etc., who are interest« 


in the application of welding 
structural buildings. 
March 20—“Effect of Torch 
on Strength of Structural St« 
illustrated by moving pictures 
a representative of the Linde 
Products Co. 
April 17—“Replacing of Castings 
Fabricated Welded Parts in 
Construction of Electrica! 
chinery,” by a representativ: 
the Westinghouse Electric ¢ 
Manufacturing Co. 
15—“Metal and Thermit Weld 
ing,” illustrated by a representa 
tive of the Metal & Thermit (or 
poration. 
Los Angeles 
_ The Los Angeles Section held a 
interesting and instructive meeting 01 
Dec. 19. After the usual dinner, th 
principal speaker of the evening w: 


May 


Prof. W. H. Clapp of the Calif: rnia 


Institute of Technology, who spok: 
on “The Metallurgy as Applied to the 
Welder.” Professor Clapp, who is on 
of the foremost authorities on me‘a! 
lurgy, explained the effect of the « 


talline structure on the chemical and 


physical properties of the plate 


it should not be impossible 
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he metal in a fusion welded joint. 
\s expected, this was one of the best 
meetings of the section. 

In conjunction with the Western 
Metal Congress to be held in Los An- 
geles in January, 1929, the American 
Welding Society will have charge of 
the program on the afternoon of Jan. 
18. They have arranged for Prof. 
F. P. MeKibben of the General Elec- 
tric Co. to speak on “Steel. Bridges”; 
Mr. Bruton of the Oxweld Acetylene 
Co., whose subject will be “Heat 
[Treatment of Steel with the Acety- 
lene Flame,” and a speaker from the 
Westinghouse Electric & Manufactur- 
ng Co., whose subject will be “Re- 
placing Castings by Building Machin- 
ery with Arc Welded Steel.” About 
500 delegates from 14 engineering 
ocieties will be present at this con- 
vention and the American Welding 
Society anticipates to bring we'lding 
before them in a forceful and in- 
structive manner. 

New York 


A joint meeting of the New York 
Sections of the American Welding 
Society and the American Society of 
Mechanical Engineers was held in the 
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Engineering Societies Building on 
Tuesday, Jan. 8. P. W. Swain, man- 
aging editor of Power, presented, with 
the aid of slides, a comprehensive 
review of some of the latest appli- 
cations of welding in the power plant 
field, including electric machinery 
where the castings had been replaced 
by welding, welding of vessels and 
high pressure pipe lines. G. O. Carter 
presented a paper prepared by H. H. 
Moss, of the Linde Air Products Co., 
on the theory and practice of proper 
management and _ supervision of 
welders for important construction 
work, such as pipe lines and pressure 
vessels. 

About three hundred people were 
in attendance. 
Western New York 

The December meeting of the 
Western New York Section was held 
on the 20th and was a joint meeting 
with the Buffalo Section of the Amer- 
ican Society of Mechanical Engi- 
neers. J. F, Lincoln, vice-president of 
the Lincoln Electric Co., presented an 
interesting talk on “The Effect of Arc 
Welding on Manufacturing Proc- 
esses.” 


EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published wthout charge 
n the BULLETIN. 

Services Available-—Under this heading brief announcements 


(not more 


than seventy-five words in length) will be published without charge to mem- 


Announcements will not be repeated except upon request received after 


an interval of three months; during this period, names and records will re- 


iain in the office reference files. 
Note.—Copy for publication in the BULLETIN should reach the Society’s 


Office not later than the thirtieth of the month if publication in the following 


sue is desired. ALL REPLIES should be addressed to the number indicated 
each case and mailed to Society headquarters. 


Positions Vacant 
V-44. Wanted. An Executive as salesman and publicity man for Welding 


Company. Opportunity for live wire to establish himself. Must have capital 
to buy interest in old established welding shop. Capital to be used for ex- 
pansion, 





Inspection of Structural Steel Welding * 
CYRIL D. JENSEN+ 


{TH the advent of welding into the structural field the structural 

engineer is confronted with a new method of joining structural 
members. Before accepting this new method he wants not only to have 
it proved that welding is reliable but also that the inspection of it ca 
be depended upon. Furthermore, he would like to know how to judge 
for himself whether or not a welded joint is what it ought to be. In a: 
endeavor to be of assistance to the structural engineer, a series of tests 
was undertaken to determine ways and means of judging a weld. 


These tests were conducted at Lehigh University with the assistanc: 
of Mr. E. H. Gardner, a student. Since there were no welders available, 
I had to assume the réle of welder, while Mr. Gardner acted as inspecto1 


After considerable experimenting, three types of specimens wer 
selected, all of which would be easy to make and test. (See Fig. | 
Twenty joints of the single-vee type, ten of the double-vee and twenty 
five of the butt-tee type were made under various conditions. Th 
butt-tee specimens were really tension pieces made by the process of 
interjecting a cross member between two short straps laid out as fo 
a butt joint. The result was a test piece held together by four fillet 
welds, each of which was subjected to a cross shearing stress on the 
minimum section. Most of these fifty-five specimens were made up 
structural steel straps or plates 2 in. in width and half an inch thick. 


The specimens made represented both good welding and bad welding 
We purposely tried to commit every sin possible in a welder’s trad 
endeavoring at the same time to discover methods of detecting each one 
We tried high and low currents; we used wrong size wire for the current 
being delivered; we welded on paint and rust; we held short, long and 
irregular arcs; and, inadvertently, we once welded for a considerabk 
period with a loose ground connection. 


A test sheet was made up for each specimen and the following infor- 
mation noted: (1) Wire and current used, (2) Welder’s observations 
concerning steadiness and length of arc, apparent fusion, and expected 
strength, (3) A cold inspection for quality of the deposited metal, flaws 
and apparent fusion, and (4) A record of the broken specimen, includ 
ing strength of the specimen and notes as to actual flaws, quality 
metal and fusion. (See Typical Specimen sheet Fig. 2). 


As a result of these tests we feel qualified to point out a few of the 
essentials in dependable inspection of arc welding on structural steel. 
As a basis for proper inspection we naturally assume first of all a care- 
fully prepared design, clear and definite, and with it a set of good weld 
ing specifications. Secondly, the welders on the job should be proper!) 


*Presented before New York Section Meeting, Dec. 11, 1928 
Asst. Prof. of Civil Engineering, Lehigh University. 
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tested. With these two fundamentals as a basis, inspection is just what 
it should be, a check-up on materials and workmanship. 


Welding wire is about the only material in which the inspector is in- 
terested. if it is purchased from a reputable company and contains the 
correct carbon content, the wire will probably prove satisfactory. One 
of the very best tests possible is to make up welded specimens suitable 
for breaking in a tension or compression machine using steel and wire 


! 


ST ae 
LP 


| 
ee 
; 
| | Butt- fee Specimens (£-Series) 
| on 
Average bead «2° subjected to 
7 +-—-Typica/ breok Ssheoring and Tensile stesses 


= 6 > < 2 on the minimum sector. 











| 
| 
q | 
ar 
= /@ -- - 
——— —__________|_, 
~~ F > Single-vee Specimens 
Riese seule aS a 
a ES Se che 


~~ E | Dovble-vee Soecimens 
= ~ uvuintenndecliiiinsilnnty 


obtained from the job, and to have each welder make up a few test 
pieces. These specimens should then be sent to a laboratory and broken. 
In this way a very complete and convincing test is made not only of the 
wire but of the welder’s ability as well. Another test well adapted to 
practical work is to try out a wire on overhead welding. In the hands 
‘t a skilled welder good wire suitable for structural work can be welded 
in an overhead position without unusual splattering, whereas a poor 
wire will splatter incessantly. We might suggest that any wire which 
cannot be deposited satisfactorily overhead be barred from any structural 
work. Another simple test is that of freezing the wire to the work and 
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TYPICAL SPECIMEN—BUTT-TEE SERIES 
Date: March 21, 1928 
Specimen No. E-34 


Wire Used 5/32 Kathode 


MACHINE CHARACTERISTICS 
Idling—200A 52-54V 
Running—155A 18V 


STRENGTH OF SPECIMEN 
Ultimate unit stress—50,000% sq. inch 
Breaking point—43,600# 
Yield point—?/,000# 
Dimensions of specimen—7”"xr2"x14" straps—6" x2" x\" 


Cross-member 5/16” bead—each 2” long 





WELDER’S OBSERVATIONS 





Single run on each bead 


Fusion—Unquestioned—current hot (almost too hot after 


piece was warmed up) 
Length of arc—Short 
Sound—Sharp—regular (almost small explosions) 


Other observations—Craters show deep penetration; 
should give excellent results 











COLD OBSERVATIONS 
Welder—/Jensen—Grade B (neatness) 


Fusion—Very good—scarcely any overlap and only on 
one bead. Rest bites into parent metal 


by Gardner 





Splattering—Medium am’t.—Globules large, medium & 


small 

Color—Tarnished steel to good steel 

Other observations (as air holes, flaws, etc.)—No air 
holes; several inclusions—visible crater in one bead 


OBSERVATIONS ON BREAK 
Fusion—Good except about 14" in one corner in root 
Cause of break—Clean break in minimum section 
Comments—Very good silky structure 











Fig. 2 
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then raising the current until the rod reaches white heat and melts. 
The melting process in a good rod should be uniform throughout its 
length, whereas in an imperfect rod bubbles appear, supposedly at the 
flaws, previous to the melting of the whole rod. Generally speaking, the 
inspection of welding wire is the least of an inspector’s worries. 


A prerequisite of good workmanship is a properly cleaned joint; there- 
fore one of the duties of an inspector is to see to it that all paint, rust 
and dirt are removed before the welding is done. Let an inspector watch 


























Fic. 3 


a welder futilely trying to get a good bead on a painted joint and no 
more explanation is needed as to why specifications require the removal 
of paint. 


Inspection of workmanship, which is, of course, the principal duty of 
an inspector, might be divided into three main phases: size and position 
of the beads, quality of the weld metal, and completeness of the fusion. 
The first of these, the inspection of the size and position of the beads, 
is merely a check up to insure that the joints are the proper size and are 
placed correctly. This phase of the inspection is self-evident and need 
not be discussed further in this paper. 


Quality of the Deposited Metal. 


The quality of the deposited metal is generally easy to determine if it 
is good. Perfectly laid metal is a clean steel color and just naturally 
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has a compact, healthy look about it. It is when the bead is burned. 
porous or rusted that judgment and skill in the inspection is required 
because some or all of these conditions can exist and often do, more or 
less, in commercial work without weakening the joint below good, safe 
limits. 

A perfect weld with .18 carbon wire on structural steel will resist 
well over 50,000 lb./sq. in. in tension and compression and about 45,000 
lb./sq. in. in shear. Since 36,000 ib./sq. in. is the approximate ultimate 
unit stress used in design with a factor of safety of four, certain minor 
imperfections may be permitted without in the least endangering the 
structure. 


If the metal looks burned in places the inspector should examine the 
whole weld carefully for other flaws. Experience shows that burned 
places indicate unskilled welding, bad current or poor circuit conditions, 
all of which result in uncertain quality of metal and also erratic fusion. 


Porosity or sponginess in the deposited metal is naturally detrimental 
to the strength of the joint. It is a flaw easily avoided by real welders 
and should not be tolerated except in occasional spots. Our study on the 
causes of porosity were not complete however, the indications seem to 
point to low current as the principal cause. 


A weld which rusts during the cooling process indicates that too long 
an are was held. This results in weakened weld metal due probably to 
the introduction of oxides and nitrides from the atmosphere and also t 
the burning out of the carbon to a much greater amount than occurs 
with a short arc. 


There are two general solutions to imperfect condition of the deposited 
metal. First, if the flaws are serious, the bead should be cut out and the 
joint rewelded. Second, if the quality of the deposited metal does not 
receive the complete approval of the inspector but is not so poor as t 
warrant removal, permission may be given to thoroughly clean the weld 
and reinforce it with a second run. Let it be thoroughly understood that 
welders who cannot consistently lay in good metal do not belong on a struc- 
tural job. Occasionally, however, a section of the work done by skilled 
welders may contain flaws and then the described solutions will pertain. 
Judgment, skill and trustworthiness are prime essentials in an inspector in 
order to give to the engineer and the public absolutely dependable joints 
and yet not cause the contractor undue burden by making him reweld 
satisfactory connections. 


Fusion 


Of the various phases of the inspection of structural steel welds, fusio! 
is probably the one of which the engineer is most skeptical. Measuring 
up the beads to check size is a positive operation. The quality of the 
bead is, as has already been shown, easily determined by visual inspec- 
tion. But fusion into the parent metal seems to the engineer the one 
intangible part of welding. With this in mind much of our research 
was spent investigating possible methods of determining the fusion 


Cold inspection, or the inspection of the completed joint, was f nd 
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by us to give very dependable results. The inspector was able after a 
month of practice after school hours to pick up a cold specimen and esti- 
mate its degree of fusion remarkably well. On the last thirty-five speci- 
mens every cold inspection was close to the truth with two exceptions. 
On one specimen, V-26, the inspector attempted to judge a weld after 
the bead had been milled down to give a constant cross-section, which 
meant the removal of his best clues. The other specimen, DV-2, had a 
section on one end of the bead of such appearance as to make indeter- 
minate its fusion quality and was classified as bad, due to the fact that 
if it were to fail a big eccentric load would occur in the rest of the joint, 
causing failure at a low figure. However, it developed that both of 
these specimens were better than they appeared and broke under good 
substantial loads. 


It is of importance to note that fusion was practically never overes- 
timated. In other words, if the inspector decided that a weld was all 
right, it usually proved to be so, whereas a weld termed doubtful often 
tested out fairly well. 


Cold inspection of fusion is not satisfactory for double run specimens, 
because the inspector does not have a chance to look at the first run, 
which being in the root of the weld is the important one. For this 
reason it is advisable never to permit double runs to be made unless 
specifically called for in the design, and when they are specified to inspect 
the first run before allowing the welder to proceed with the second 
course. In this way fusion can be ascertained with the same degree of 
reliability as in regular single bead welding. 


Since our actual results showed that fusion can be judged by a cold 
inspection the question now is, “How shall we describe a properly fused 
weld?” The simplest way to describe it is to say that if a weld appears 
fused it probably is properly fused. The bead should seem to grow right 
out of the parent metal. The crater, which we shall describe later, 
should show proper size and depth. There should be very little overlap 
because overlap means incomplete fusion, misplaced metal, and because 
it hides from the inspector the proper penetration which may exist in 
the inner parts of the bead. A little experience in making, inspecting, 
And breaking fused and unfused specimens is by far the best feacher. 


One of our indirect conclusions reached is that the procedure which 
we followed in our research would make an excellent method for properly 
training inspectors. 

The crater, which is formed during the process of welding, is a real 
criterion of fusion both to the welder and to the inspector. We might 
explain for the benefit of those not intimately acquainted with welding 
that the crater is caused by the force of the molten metal of the electrode 
striking the molten parent metal. Hence the crater moves with the 
electrode and is visible at the end of each run during the process of 
renewing the electrode. As the welder carries on with the joint he 
fills up the crater of the previous run. Thus the only crater visible on 
the cold specimen is the one at the very end of the joint. It is important 
that the welder should leave this final crater in its natural state for 
inspection purposes. If the inspector is present during the process of 
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welding he can examine each crater left during the process of changing 
electrodes; otherwise he can examine only the final one. 


Size, shape, and penetration of the crater are the features noted by) 
the inspector. Under ideal conditions the crater will be a neat cireula: 
affair penetrating down into the parent metal a trifle. Then the state 
ment can be safely made that the joint is properly fused at that end 
of the bead. But a good crater does not necessarily certify fusion at 
the starting end; and that happens to be the end most likely to be 
unfused. When a weld is first begun the plates are cold and fusion is 
consequently in doubt for a distance of a quarter of an inch or more. 
Then as the plates warm up welding is made easier and fusion mor 
certain. For this reason an inspector should not get into the habit 
of glancing at the crater only. 


The crater is also indicative of the current used. If it is small relativ: 
to the size of the bead and plates it indicates too low a current; and 
inversely, a very large elongated crater indicates too high a current and 
a wild flame. Thus we conclude that the “crater test” is a valuabl 
guide revealing excessive variations of current and a good approximatio: 
of the penetration obtained. 


Neatness of bead is in itself a requirement for a first class weld; 
however, it is not an absolute indication of fusion. It is possible t 
produce a neat appearing weld in spite of poor current conditions or to: 
long an arc; but a close examination of such a weld would show that 
the bead were merely lying on the parent metal rather than fused into it 

Splattering, or the depositing of globules of weld metal alongside th: 
joint, seems to have only an indirect connection with fusion. Some ot 
our poorest specimens showed no splattering at all while some well fused 
fairly strong specimens showed a considerable amount of it. Although 
we did not make an extensive study of splattering we noticed that it was 
most pronounced under poor welding conditions such as poor circuit 
poor wire, too heavy current for the wire, or too long an are. Any on 
of these poor welding conditions is very apt to affect either the qualit 
of the deposited metal or the perfection of the fusion. Hence the i) 


spector should view with disfavor any joint showing excessive splattering. 


Sound of the arc was found to be a very important item in proper 
inspection. As long as the welder is proceeding over good clean meta! 
with a good current and a short steady arc, it will be advertised to a! 
within hearing by a sharp rapid regular sputtering or crackling sou 
But the moment thick rust or paint is encountered, out goes the arc. Th: 
lazy welder may attempt to continue the work without cleaning the su 
faces. Several things will occur. The sputtering will be intermitten' 
due to short periods of broken are. Splattering will probably occur 


large globules. Neatness will suffer. And if a person were watching 


the meters he would see wide fluctuations from moments of no current « 
all to full current due to freezing of the wire to the work. All in a 
there are many telltale evidences of that type of poor work. A hissi: 
sound is caused by holding too long an arc; and of course poorly d 
posited metal and doubtful fusion will be the results. A careless 

tired welder will often hold an unsteady arc which will be heard as : 
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ntermittent crackling and hissing. A cold inspection of his work would 
probably show some large globules of weld metal alongside the bead, 
rregularity of texture, porosity in spots, and a covering of rust over the 
bead. Due to this close association between sound of the are and the 
actual results it is our contention that a skilled inspector could prac- 
tically pass on a weld without even looking at it, provided he could listen 
to the work as it progressed. While we do not ‘advocate the use of sound 
as the principal means of inspection, we do feel that its mastery by an 
inspector is a decided asset. 

Hand in hand with judging the steadiness and length of welding are 
by listening to the sound produced is that of observing the actions of 
the ammeter and the voltmeter. No human being can hold an absolutely 
steady are but there are acceptable variations. A skilled welder holding 
a short steady are will keep the voltmeter needle hovering close to 
eighteen or twenty volts. The ammeter being more sensitive will show 
wider fluctuations but will show a definite range of current. 

Current e 

Perhaps the most important single phase in an inspector’s line of duty 
is to see that the welder uses the proper current for the particular job 
he is on. At present the designer cannot name an exact current to be 
used, but from tables based upon thickness of plates to be joined can 
designate the range of current and the size of wire. We found quite 
decidedly that the amount of current used determines largely the strength 
of a weld. (Figure 3 shows a typical stress—ampere curve). For 
the half inch specimens which were used in our research the peak in the 
stress-ampere curve was rather flat and was between 140 and 170 
amperes, depending on the heat conducting ability of the work. For 
instance, in joining two straps in a single-vee butt joint a relatively 
low current proved best. A high current caused the plates to become 
red hot for a short distance on each side of the joint. But in making a 
lap weld there is really one inch thickness of plate on the one side help- 
ing to absorb the heat. In this case a higher current is required to 
insure penetration of the bead into the plates. 

Present information on the subject of proper current values for the 
various structural connections is lacking. We are dependent on the skill 
of the welder in adjusting his own machine. This is an important 
“human element” problem which will be overcome in time. However, 
since proper adjustment of the current is a part of the training of every 
real arc welder we should not consider this lack of information a draw- 
back to are welding of structural joints but rather as an opening for 
further improvement. 





CONCLUSIONS 

The direct conclusions obtained from our research are as follows: 

(1) A welder has a very good estimate of the strength of his own” 
welds; and if he could be depended upon absolutely inspection would 
hardly be necessary. 

(2) An inspector thoroughly trained in welding can watch it in prog- 
a and can arrive at an estimate of its strength as well as can the 
velder, 
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(3) A skilled inspector can listen to welding in progress and predict 
to a fair degree the quality of the weld. His estimate, however, would 
only be in one of three classes—good, poor, or doubtful. 


(4) An inspector can watch the ammeter and voltmeter and knowing 
the size of wire used and the size and kind of joint should be able to 
predict the qualities of the weld. 


(5) A properly trained inspector can by scrutinizing a cold weld and 
by correctly interpreting such features as quality of the deposited metal, 
porosity, neatness, splattering, degree of rust on the weld, apparent 
fusion, overlap, size shape and depth of the crater, reach conclusions 
very dependable indeed. 





Producing All-Steel Automobile Bodies with 
Oxy-Acetylene 


J. W. MEADOWCROFTtT 


HE following statistics are offered to designate the very important 
part the oxy-acetylene welding process plays in the production of 
ALL-STEEL AUTOMOBILE BODIES. 


In this case we have attempted to make direct comparison of the total 
per cent of money expended in the purchase of oxygen in comparison 
with the company’s yearly business. Had we attempted to use the total 
cost of welding material, including carbide, dissolved acetylene, filler 
rods, welding goggles, pressure hose, new equipment, replacement parts, 
maintenance, etc., our percentage would, of course, be considerabl) 
higher. 


Inasmuch as we are attempting to show a yearly comparison and as 
all oxygen consumed in our plant is used exclusively in oxy-acetylen: 
welding or cutting, our yearly comparisons will be in perfect order to 
show the status of this welding process in our particular line. 


In 1913—.51 per cent of total business was used in purchase of oxygen. 
In 1914—.5 per cent 
In 1918—.3 per cent 
In 1919—.31 per cent 
In 1923—.34 per cent 
In 1924—.3 per cent 
In 1927—.23 per cent 


From the above figures you will note a slight decline in the oxy- 
acetylene process in our particular line. 


While the decline is very slight on the total consumption comparison, 
the actual percentage of reduction on the final plant production amounts 
to approximately 28 per cent. The reduction of 28 per cent in the use of 
oxy-acetylene in the production departments and the maintaining 0! 
the total plant reduction at approximately 7/100 of 1 per cent would i! 
dicate that the consumption by other mediums must have existed. 


+Assistant works manager, E. G. Budd Manufacturing Co 
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The advent of electric flash welding in sheet steel has been a great 
medium in the elimination of oxy-acetylene welding, but the tremendous 
stress placed on design in the past five years has been the governing 
factor. 

We will attempt to guide you through the various departments of 
our plant citing, at the same time, the items that have been responsible 
for the maintaining of such an extremely slight decline in the total use 
of oxy-acetylene welding. 


The first department we enter is the machine and new die shops. Here 
we find an exceptionally large amount of Oxygen and acetylene being 








| 


Tae Poses o Baunse Peare (2 Get 
eta 284i Ormire Ane Agents 2tP 
To Du Sve wer -9h RRevtomet Mile” 





O 





Rawr’ o@sa ten 
ara 





ESS = 


Boace are 
Secrien AA 
Fig. 1. STANDARD METHOD oF PRODUCING Dike STRIPPER PLATES 


used in the rough, cutting of bar steel and boiler plate for new die parts. 
At this point we are furnishing sketch, Fig. 1, showing the important 
part the cutting torch plays in the production of new die stripper plates. 
The section shown cut from the center of the mainplate is cut over 
its “A” length and are welded in place as a reinforcement along the 
working edge of the stripper. The functions of the stripper plate is to 
automatically knock the stamping from the punch on its upward stroke 
after formation of the stamping. 


The savings involved in producing a die part by this method amounts 
to approximately $115.00 in direct labor. 


The next department we enter is the Die Maintenance shop where all 
die maintenance possible is accomplished by the use of Oxy-Acetylene. 
The items chiefly involved are the repairs required on steel inserts where 
the forming edges have worn beyond their inspection limits. We find 
these inserts being removed from the dies and delivered to the welding 
shop with instructions to reweld with various welding rods from 0.65 
carbon steel to drillrod and in many cases Stellite is requested, the 
‘mount of resistance to abrasion required being the governing factor 
f{ the material to be used. 
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In Fig. No. 2 we bring to your attention the maintenance possible in 


the use of Oxy-Acetylene on the larger Cast Iron Die sections. Th. » 
total weight of the casting as it was delivered to the welding shop ri 
7349 lb. In twenty-four hours it was returned to the machine shop, th , 
total weight being 7509 Ib. y . 
; 
, 
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Fic. 2 WELDING IN THE MAINTENANCE OF Cast IRON DIe SeCTIONS 


The detail of the repair follows: 





Added material —160 lb. Cast Rods 

Cast Iron Flux — 4 bb. 

Sheet Asbestos — 26 lb. 

Total Preheater time — 12 hrs. (20 buzzer burners) 
Total Labor (2) men — 82 hrs. 

Savings involved 3 weeks’ time and 75 per cent of 


cost of new finished casting 





The next department we enter is the Main Press Shop where the dies 
manufactured in the Machine Shop are in operation. Here we fin: 
portabie welding outfit in operation applying patches in small Cast | 
sections with Tobin Bronze and brazing locating Gauge Pins in pl 








without removing the die from the Press. me 

Our next department is the Maintenance Department. This depart me 
ment is directly responsible for the continuous operation of the entire I; 
plant equipment. In Figs. 3 and 4 an idea is offered of the constant | iy 
break downs occurring and the immediate repairs required. In Fig. ° 4 wd 


east iron press gear is shown with a total of nine teeth replaced. 
gear broken to the extent of the one shown is immediately remove® 
from the machine and replaced with a repaired gear from stock. 1 
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‘oken gear is then sent to the welding Shop, repairs made in the usual 
anner, allowed to cool down sufficiently for machining, machined and 
eturned to stock. This type repair is usually accomplished in thirty-six 
urs. A gear of this type with one or two teeth to be replaced would 
‘tt be removed from the machine. A series of studs would be inserted 

represent the missing tooth, and by the aid of carbon blocks the studs 
ould be brazed in place and the desired material added between the 
tuds to form a complete new tooth. The filler material would be 








‘langanese Bronze used with special flux of our own manufacture. The 
mount of savings involved in repairs of this nature and savings in 
me amount to about 300 per cent. 


In Fig. 4 the completed repair is shown on a Cast Iron Press Bearing 
racket. This repair was accomplished in seven hours by two men and 

velve hours allowed for cooling. The outer bracket of the bearing is 
babbit and was completely saved by keeping it cooled down with wet 
bestos. After cooling, the bracket was painted and returned to its 
mer position on the machine. Its alignment was perfect. 
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At this point we feel we should offer a glimpse of a welding repair 
shop. This shop is located at a point of easy access to both the Machine 
and Maintenance Departments. Fig. 5 offers such a view. The over- 
head equipment consists of a ten ton Electric Crane and exceptionall) 
well arranged skylight ventilators. The bench shown in the circle is an 
especially designed pre-heater with forty-eight City Gas Buzzer Burners 
so arranged that the largest or smallest repair may be handled in a 
most efficient manner, the welding operation being performed while the 
preheater is still in operation. 








Fic. 4 WELDING Cast IRON PRESS BEARING BUCKET 


In passing on to our Electrical Shop we find an Oxy-Acetylene Welde: 
busily engaged in making immediate repairs to motor parts, etc., such 





items as split motor housings that ordinarily have a purchase cost of 


$15.00 when new are repaired at a total cost of $3.50. The Aluminum 
End Housing of hand electric drills that ordinarily cost $3.75 are r 
paired for $0.30. 


We then enter the Main Tool Room where all small tools originate. W* 
find here a welder busily engaged in making repairs to Copper Electri 
Spot Welding Dies and numerous other small tools. An example of th: 
savings involved on Copper Spot Welding Dies is designated by t! 
actual cost of a new die amounting to $0.34 and the repair cost being 


$0.13. Where 950 Electric Spot Welders are in continual use on pro- 
duction a tremendous saving exists in the reclaiming of large amounts 


each of over 200 different designs. 


At this point a question may arise as to the conductivity of the weld: 
copper. We use only high conductivity copper rod, coated with our ov 
avecial flux, for filler material and we are quoting here a conductivi' 
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test made at the University of Pennsylvania, May 26, 1925. The test 
follows: 


No. 1—6 in. of *. Rd. Hard Drawn Copper 97.7% 
No, 2—2—3 in. pes. 5 Rd. Hard Drawn Copper Welded and 
Forged in Center 98.7° 
No. 3—2—3 in. pes. 54 Rd. Hard Drawn Copper Welded Not 
Forged in Center 98.2% 


This test was made on a Thomson Standard Double Bridge in the 
E'ectrical Testing Laboratories of the Moore School of Electrical 








Fic. 5 GENERAL REVIEW OF WELDING REPAIR SHOP 


Engineering, University of Pennsylvania. The test was run in accord- 
ance with the standard methods of the American Institute of Electrical 
Engineers. 


The welded pieces in this case are superior to the solid stock, but a 
variation in the grade of material may have had some bearing as each 
coupon was cut from a different stock bar. 


In entering the Production Department we find comparatively few 
Oxy-acetylene Welders at work today in the various unit departments in 
omparison with the amount noticeable ten years ago. While flash weld- 
ng and design along with the greater perfected means of producing 
me piece stampings have been instrumental in reducing the amount of 
this process used in our unit departments. Electric seam welding by 
roller and continuous spot welding have also aided considerably. 


In our final body assembly department we find the greatest advantages 
f this process. Our methods of production require that the body be 
roduced in units, enter a final assembly jig and be removed as one unit. 








20 JOURNAL OF THE A. W. S. [January 


The quickest and best means possible in this case is to weld all vital parts 
in perfect alignment by Oxy-acetylene. Its application is very quick and 
positive and all parts are easily accessible by this method. The parts 
not vital to alignment are allowed to pass from the assembly jig unwelded 
and are later welded on the finishing line conveyors. Correct supervision 
is essential at all times where the supply of work to the welder depends 
on the speed of the conveyor. 


The following quotation is abstracted from an inter-department letter 
urging the supervisors to produce from the material used, the maximum 
production. 


“The welding operators on conveyor No. 9, column 62. Total gas 
cost at this point amounts to $0.92 per hour by two men or $0.46 each 
man. The total time required for each man to complete this opera- 
tion is one minute and ten seconds. The conveyor is traveling at a 
speed of 36 pieces per hour or one piece each one minute and forty 
seconds. The operator hurries and completes his welding and stands 
with lit torch for the remaining 30 seconds until the next piece could 
be worked on. Please note the amount of money that can be saved 
from the following: 


The present cost of gases is $0.46 per hour each operator. A smaller 
tip consuming $0.179 worth of gases it is found completes this opera- 
tion in one minute and 30 seconds and produces a considerably 
neater job. 


The money saving in this case is $0.28 per hour per man or a total 
of $5.60 per ten hours for two men.” 


The following figures are set up from our records in the past eight 
years showing the strides we have made in offsetting a very great reduc- 
tion in the use of Oxy-acetylene had we depended only on our fina! pro- 
duction of ALL-STEEL AUTOMOBILE BODIES and UNITS. 

The percentage of total Oxygen consumed in all departments except 
actual production departments follows: 


1920 5.7% 
1925 13. % 
1927 20. % 


In conclusion, we feel that if we are able to extend the same efforts 
along the same line of progress for the next five years, we should show 
a considerable gain in our total, and our percentage as compared with 
1927 will be comparatively higher. 
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The Welding of Aluminum and Its Alloys * 


By W. A. DUNLAPt 
Introduction 


HE purpose of this paper is to supply general information on the 

welding of aluminum and its alloys. An extended academic dis- 
‘ussion of the problem has not been attempted. When preparing this 
paper, the writer had in mind primarily the practical welder. If the 
information contained herein enables the man with the torch to turn 
out good welds in aluminum consistently, the aim of the writer will have 
been realized. 
Fusion Welding 


The term “fusion” is thought to be much more appropriate than 
“autogeneous,” which is sometimes incorrectly used for this type of 
welding. There are two general classes of fusion welding: the first, are 
welding, which is most commonly used in steel work, has not been suffi- 
ciently developed for use with aluminum to permit using this process 
as a commercial application. The second class, torch or gas welding, 
is used extensively in the aluminum industry. 


Among the methods which are employed for joining aluminum or 
its alloys, none is more generally satisfactory than fusion welding with 
the oxy-hydrogen or oxy-acetylene torch. In the hands of an experienced 
aluminum welder the process is simple and rapid, and it can be applied 
to metal of all thicknesses. The resultant joint is not unsightly, and if 
necessary the weld can be finished off in such a way that it is impossible 
to detect where the joint exists. 


The same type of weld, that is, butt, lap, tee, fillet, etc., is made in 
aluminum as in any other metal. Some training will be necessary before 
a welder can turn out consistently reliable results with aluminum. This 
metal has distinct characteristics of its own which involve a somewhat 
different technique from that required for steel, cast iron and other 
metals. However, this special technique is by no means difficult to ac- 


quire, for in point of fact, aluminum is one of the most readily weldable 
of all metals. 


Torch welding is applicable both to the manufacture of articles from 
sheet aluminum and to the repair of aluminum alloy casting. In these 
two applications, the methods of working are generally the same, though 
the difference in physical properties may involve slight modifications. 
Aluminum alloy castings being more brittle than the pure aluminum 
sheet, the danger of cracking due to expansion and contraction effects 
is more serious; on the other hand, pure aluminum sheets are normally 
much thinner than aluminum castings and hence require a more delicate 

*Presented before Pittsburgh Section, A. W. S., Nov. 21. 


?Metallurgist, Technical Direction Bureau, Aluminum Company of 


America, New 
ensington, Pa. 
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handling of the torch. For both classes of material certain precautions 
are necessary if reliable welds are to be obtained. In the following para- 
graphs emphasis will be placed on the principal points to be observed in 
the welding of aluminum and its alloys. 


Welding Apparatus 


The apparatus required for the torch welding of aluminum is not dif- 
ferent from that required for welding other metals, and consists essen- 
tially of a supply of oxygen and hydrogen or acetylene, with reducing 
valves and safety valves, torches and a series of tips. The oxygen, hydro 
gen and acetylene is usually obtained from cylinders of compressed gas 


The selection of the correct size of torch tip for any particular work 
is practically a matter of experience. The tables given are merely a guide 
for the inexperienced welder, since the size of the tip must depend 
greatly upon the shape and size of the object to be welded, as well as 
upon the thickness. The welding of a large tank of aluminum will require 
a larger tip than the welding of a small piece of bar of equal thickness, be- 
cause the larger article has a much larger capacity for heat and a 
larger radiating surface. Much of the heat applied to the edges of the 
metal to be welded escapes by conduction to remote parts of the object, 
where it is absorbed in raising the temperature, and part is radiated away 
to the air. The tip must be of sufficient size to melt the edges in spite 
of this continuous draining away of heat. The size of the tip will also 
depend to some extent upon the skill of the welder, a quick worker will 
be able to use a large tip which in the hands of a slower and less ex- 
perienced man, would result in overheating and the formation of holes. 
Table 1 gives the approximate size of tip and the gas pressure to be used 
when welding aluminum. 

TABLE | 


Oxy-Hydrogen 


Metal Thickness, Size of Orifice Oxygen Hydrogen 
B. & S. Gauge in Tip Pressure Pressure 
20 Ga. to 18 Ga...... wees 0.062 in. 1 Ib. 2 ibs. 
BB Sh ae ol Sg 0.078 in. 1 Ib. 2 Ibs. 
2 Ga. to 10 Ge... .<... 0.093 in. 2 Ibs. 4 Ibs. 
ee tee. Op OR Os. Sie te 0.109 in. 4 Ibs. 8 Ibs. 
B/a8: Sa. C8 Ge SPs. ce atcaxs 0.125 in. 8 lbs. 12 Ibs. 


Oxy-Acetylene 


No. Size of Orifice Oxygen Acetylene 
Metal Thickness Tip in Tip Pressure Pressure 
26 Ge. tb 38 Gass xx. 3 0.031 in. 1 Ib. 2 Ibs. 
16 Ga. to 14 Ga...... 2 0.042 in. 1 Ib. 2 Ibs. 
2 Ga. te 20. Ge... ....-. 3 0.051 in. 8 Ibs. 6 Ibs. 
1/8 in, to 3/16 in... 4 0.062 in. 12 Ibs. 8 Ibs. 
rR “Seah yr eae 5 0.074 in. 20 Ibs. 8 Ibs. 
BJAG Wk acaeeus eteda 6 0.084 in. 25 Ibs. 8 Ibs. 
3/8 in. to 5/8 in.. 7 0.Q95 in. 25 Ibs. 8 Ibs. 


Flame 


It is preferable to use an oxy-hydrogen flame whenever it will supply 
sufficient heat. The oxy-hydrogen flame produces a cleaner and more 
satisfactory joint and supplies sufficient heat for welding metal up to 3/5 
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inches in thickness. As indicated in the table, a larger tip is used for 
hydrogen than for acetylene on a given gage of sheet. 


Whether using hydrogen or acetylene, the torch should be carefully 
adjusted to show a neutral flame, as this gives the best speed and 
economy, as well as a cleaner and sounder weld. The oxy-hydrogen flame 
is neutral when the volumes of the tWo gases issuing from the tip of the 
torch are just balanced. If there is an excess of oxygen, the flame will 
be rather small and will have a very short small cone at the tip of the 











Fra. 1 


torch. With an excess of hydrogen the flame is long and ragged, and 
there is no defined cone at the center. The neutral flame, in which the 


mixture of the two gases is just right, has a well defined jet or blue 
cone in the center of the large flame. 


Puddling Method of Welding 


All aluminum is coated with a thin film of aluminum oxide which 
prevents the easy coalescing of the two surfaces of molten metal. The 
production of a sound weld in aluminum necessitates the removal of this 
oxide film. This obstructing film can be broken up mechanically by 
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manipulation of the welding wire. In breaking up the oxide film by 
this process, which is known as “puddling,” the welder, as he proceeds, 
stirs continuously the molten bath with the welding stick or an iron 
wire. In this way he breaks up the oxide film and allows the metal to 
coalesce, and at the same time he scrapes the oxide to the surface. This 
method is not a satisfactory one, because it is difficult to completely 
remove the oxide from the bath by puddling, and there is considerabl 
risk of oxide inclusions in the solidified metal making an unsound weld. 
It would be too strong to state that it would be impossible to obtain a 
satisfactory weld by this method, but the quality of the weld depends 
so greatly upon the dexterity of the welder that it would be unsafe to 
rely upon the process for important work where the strength required 
is considerable. Apart from this, the method is slow, and therefore 
costly in gas and labor. 


Flux Method of Welding 


The most effective method of removing the oxide is by the use of a 
flux which has the ability to dissolve the aluminum oxide so that coales- 








Fig. 2 BLOWPIPB HBAD SHOULD BE HELD 
AT AN ANGLE OF 30 DEGREPS TO THE SHEET 
SURFACE 


cence may occur. A satisfactory flux for the welding of aluminum must 
have the following characteristics: 


(1) It must melt at a suitable temperature below the melting point 
of aluminum. 


(2) When molten, it must have the ability to dissolve aluminum oxid« 
and do it very quickly. 

(3) The dissolving capacity of the flux must be sufficient to take care 
of all the oxide which might happen to be present. 


(4) The molten flux, with the oxide dissolved in it, must have a speci- 
fic gravity less than that of the molten aluminum, and the difference 
must be sufficient so that the flux will quickly and readily come to the 
surface of the molten metal, thus removing the oxide from the weld. 


(5) The flux must be stable under the temperatures employed. 


(6) It must not deteriorate with time, nor must it be too deliques- 
cent. 


Fluxes filling the above requirements are prepared by a number of 
reputable manufacturers. 
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A satisfactory way to use the flux is to moisten it with water to the 
consistency of a thin paste. A very convenient flux container is made 
from a piece of three inch pipe. An aluminum, brass or glass flux con- 
tainer should be used. Iron is likely to cause contamination by chemical 
reaction with the flux. A day’s supply of the flux and water solution 
should be made up each morning. If any of the solution is left in the 
container over night, it should be thoroughly broken up and stirred next 
morning, as it tends to lump and crystallize upon standing. The flux is 
made slightly hygroscopic to prevent it from drying out and blowing off 
the seam ahead of the welding torch. Due to this slightly hygroscopic 
condition, the dry flux, if left exposed to the atmosphere, may deteriorate. 
The dry flux is quite stable if the container is kept closed. 


If a welding wire is used, the wire is dipped into the flux solution, or 
if no filler meta: is used the flux is applied to the joint by means of a 


[LI 
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small paint brush. In this manner, the flux is supplied to the weld 
vhere, when, and in the quantities required. 


Welding Rod 


Of utmost importance is the selection of the proper welding metal. 
The use of a welding rod or feeding stick is necessary with all but the 
thinnest sheet. Commercially pure aluminum (2S) and aluminum- 
manganese alloy (3S) should be welded with a pure aluminum welding 
stick. For welding the strong aluminum alloys (17S, 25S and 51S) a 
five per cent silicon welding stick is recommended. However, a weld- 
ing stick of the same composition as the alloy to be welded will give 
perfectly satisfactory results if proper allowance may be and is made 
for expansion and contraction. The silicon welding alloy has a rela- 
tively slight solidification contraction and on account of its having a 
ower melting point than the base metal, it remains molten longer and 
fills in the voids caused by the solidification contraction of the base metal 
n the same way that a gate fills in the voids of a casting. This means 
that the stresses due to contraction which might otherwise cause in- 
cipient cracking in the base metal shift their effects to the metal sup- 
plied in welding. This metal which is noteworthy for its freedom from 
hot shortness, which probably means ductility at temperatures just 
inder the melting point, as well as strength at these temperatures, will 
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stand the stresses without the development of cracks. There is neces- 
sity or caution in one respect when using a five per cent silicon alloy 
welding stick. If the welded articles are to be subjected to a high 
temperature or “solution” heat treatment after welding, it will be neces- 
sary to recognize the fact that this amount of silicon lowers the safe 
temperature to which some of the strong alloys may be heat treated. 
Whether the original material is 51S, 25S, 17S or aluminum-copper 
alloy, it will be safe to use heat treating temperatures up to about 94) 
degrees Fahrenheit even when the five per cent silicon alloy is used for 
welding. 


The sizes of welding wire recommended for aluminum and aluminum 
alloys are given in Table II. 


TABLE II 

Thickness to Be Welded Welding Wire 

B. & S. Ga. Inches Diam., Inches 
Rit OR ceisa es 0.5 pbapectebapens oases Up to 0.040 0.080 
BO, BEE oi ae wah oe 60 ae eee ns ae eee 0.064 to 0.051 0.092 
eR Se a Swath ole e-r ee ao ea bee Eee 0.051 to 0.064 0.104 
ee Gh Se Cee cath cde a eels na alee ee 0.064 to 0.081 0.116 
gS SG, Peers er oS ne MRA OR) 0.081 to 0.102 0.128 
Se OO AD 6 vcd hare eae OA eae es khan 0.102 to 0.128 0.144 
OB pee ee re ee 0.128 to 0.162 0.160 
1 SE ers A ar aS, Sore cen ea ta 0.162 to 0.204 0.176 
Be SD hove Ube Re heen seeds Grae 0.204 to 0.258 0.192 
_ Se ea ne ee er err a ure 0.258 to 0.365 0.212 


Preparation of the Edges 


Light aluminum sheet (0.050 and lighter) is usually flanged in 
preparation for welding as in Fig. 3. The flange should be about the 
same height as the thickness of the sheet or just a little higher. The 
joint is made by holding the two upstanding edges together and melting 
these down. For such work as this no welding wire is required. Bevel- 
ing is unnecessary for light sheet. 


Heavier sheet can be beveled as is usual with steel plate. However, 
it is easier to obtain full penetration by notching the sheet as shown 
in Figs. 4 and 5. The edges of the sheet are cut through the entire 
thickness, the notches being about as deep as the thickness of the mater- 
ial, and about one-fourth inch apart. In welding, the edges are butted 
close together. By preparing the edges in this manner, the flux works 
down for the full thickness of the material, and considerable welding 
rod is saved. There is less chance of “burning through” and _ the 
notches act also as little expansion joints, minimizing local distor- 
tion. 


Particular care is needed when preparing the broken edges of an 
aluminum casting for welding, since these are occasionally porous ané 
may contain absorbed oils, which, if not removed, will cause blow-holes 
in the weld. A good plan is to heat the edges before beginning to weld, 
when the absorbed grease will be sweated out and can be wiped off. 
Perhaps the best cleaning mediums are a wire scratch brush and some 


gasoline. Not only the edges to be welded, but also the adjacent sur-: 


faces above and below should be cleaned with the scratch brush and 
washed in gasoline. 
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Preheating 

Aluminum sheet 3/8 inch thick and thicker should be preheated. Pre- 
heating will limit the consumption of oxygen and acetylene to that 
required for the actual melting of the seam. Furthermore, preheating 
will tend to prevent distortion. If the base metal for some distance 
on either side of the seam is maintained at a temperature not very 
greatly below the melting-point, then, when the torch is applied to any 
one point, the additional expansion of this will be small and is unlikely 
to cause distortion. However, local preheating must be applied with 
care, especially in castings, for the presence of strengthening ribs, or 
other devices which tend to prevent the free expansion of the parts, 
can possibly lead to fractures during the preheating itself. 


The preheating of the whole object is not always possible, and in such 
cases local preheating must be resorted to. When total preheating is 
adopted there is little danger of expansion cracks, provided the heat- 
ing is done slowly and uniformly, and that the object is well protected 
from drafts during welding. 


A broken aluminum crankcase may be taken as a typical example of a 
job requiring preheating. The crank case is thoroughly cleaned and the 
broken pieces clamped in place. The crank case is placed in such a 
position that the crack to be welded is in a horizontal plane. A furnace 
is built about the casting, using fire brick laid snugly without mortar. 
A moderate amount of charcoal is placed in the furnace banking it 
against the walls. The exact amount of charcoal depends upon the size 
of the crank case. Enough should be used to bring the casting to the 
proper temperature in about thirty minutes. It is important that the 
fire be kept under control and the casting heated slowly and only to a 
medium temperature. The upper limit should be 850 deg. Fahr. The 
two following methods are given for determining the correct temperature 
for welding. 


(1) Cold aluminum gives a metallic sound which becomes duller as 
the temperature is raised. At the temperature required for welding, 
there is no longer a metallic ring. 


(2) Heat the casting no more than required to leave a char mark on 
it when rubbed with a pine stick. Aluminum in this condition is 
extremely fragile and must be handled with great care. 


As a welder becomes experienced in handling aluminum, he will at 
times be able to use a low temperature oil or gas burner for preheat- 
ing. In this case the preheating is done locally along the crack, just 
ahead of the welding flame, so that the welding heat will not bring on too 
sudden a rise in temperature’ and cause further cracking. 


Supporting the Work 

The work should be so supported that the under side of the weld is 
free, in order that the added thickness of metal in the weld may form 
a slight bulge on the under surface which can afterwards be dressed 
down if desired. A strip of asbestos which has been previously heated 
to drive out the moisture makes an excellent backing material for the 
welding of aluminum. 
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There is no danger of metal falling away during the welding, even 
when the underside is unsupported, unless the weld is excessively wide 
or the thickness dealt with is very large, or melting carried too far. 


At times it is advantageous to use jigs to hold the edges in proper 
relative positions. Where work is done in production, careful stud) 
of the matter of design and construction of jigs and fixtures will wel! 
repay the effort and expense involved. 


Expansion and Contraction 


As heat is applied to aluminum its temperature increases and the 
metal expands. This fact is very obvious, but it is not sufficient to 
merely recognize and accept that fact and then dismisss it from further 
thought. It is important to analyze this phenomenon in detail with the 
object of applying the mechanisms concerned to the actual practice of 
welding. 


The coefficient of expansion is the increase in unit length per degree 
centigrade increase in metal temperature. The coefficient of expansion 
increases with increase in temperature and differs for various metals 
The coefficient of expansion of aluminum is about twice as great as 
that of iron and one-half as much again as that of copper. That ex- 
pansion is a definite thing, and that it is not some abstract property) 
which functions only theoretically is shown by the fact that should bars 
of aluminum, copper and iron, each 1000 ft. long, be heated up to 100 
deg. cent., the iron bar will increase in length about 13 in., the copper 
bar about 20 in., and the aluminum bar about 27 in. In addition to 
the volumetric or dimensional change due to expansion, there is also 
the irresistible nature of the force which produces this growth. If 
a bar of metal of proper length to just fit in between two fixed brackets 
is heated, the bar will buckle due to its tendency to increase in length. 
Expansion operates in all directions. If the bar is hindered from in- 
creasing its length, it will not assume its new required volume by) 
merely becoming thicker like rubber. Of course the bar will become 
thicker due to expansion, but it will also increase in length. The forces 
which produce this expansion are atomic in nature and will not be denied. 
Therefore as the metal heats and expands, we must deal both with th. 
new dimensions involved and also with the tremendous forces whic! 
produce this growth. The reverse action takes place as the metal 
cools and contracts. 


Aluminum, copper and iron melt at different temperatures. Aluminum 
melts at about 657 deg. Cent., copper at 1083 deg. Cent. and iron at abou' 
1580 deg. Cent. Should each of these three bars be heated to thei: 
respective melting points, the aluminum will be the shortest of th 
three. Therefore, not merely the coefficient of expansion must be con 
sidered but also the temperature change, because the product of thes: 
two determines the total expansion. 


In the above cases it was assumed that the metal was heated uniform) 
In fusion welding, however, the heating is accomplished by applyin 
a torch to one area, therefore the object is not heated uniformly. !|' 
a torch is applied to the center of a sheet of aluminum, the sheet wi! 
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be heated at that point and the metal all around the central area will 
also be heated, but to a decreasing extent moving farther away from 
the point of heat application. The metal will tend to expand accordingly, 
the center growing more than the concentric area farther away. This 
tendency to grow can be accomplished only by a buckle forming in the 
sheet. If the sheet is perfectly flat and at a uniform temperature before 
heat is applied, the buckle will rise toward the flame. The sheet will 
not buckle downward away from the flame and this is due to the fact 
that the surface nearest the flame is the hottest. A temperature 
gradient is set up through the thickness of the sheet and since the top 
surface must expand more than the bottom due to this gradient the 
sheet will buckle upward toward the flame. This is a very important 
detail in connection with welding sheet because some of the major trou- 
bles and difficulties with which a welder is concerned are due to warping 
and buckling of the sheets. The above are the underlying principles 
governing buckling and warping. 


After completion of the weld all the heat which has been put into the 
work must be dissipated. When the metal cools the processes described 
above will be reversed; in other words, where there has been expansion 
there will now be contraction and the net volume changes and forces 
involved will theoretically be equal in amount, though opposite in direc- 
tion. Care must therefore be exercised in practice that the net result 
will be zero. If the dimensions cannot come back to what they were 
originally the work will be buckled and the weld will be severely strained. 
The weld is made while the metal is at an elevated temperature and 
after expansion has taken place, consequently on cooling down to normal 
temperature the weld resists the metal’s returning to its exact original 
volume. This is a natural phenomenon and cannot be altered, but the 
distortion or buckling caused by expansion and contraction can be mini- 
mized, localized and to some extent controlled. In welding a fitting 
to a flat panel it is customary to put an emboss in the panel that is a 
little larger than the fitting to be welded. This has a tendency to 
localize the buckling in the area of the emboss and minimize the buckl- 
ing in the panel itself. 


In welding, the difficulties due to contraction during cooling are in- 
creased, since the heating is intensely localized. Therefore the repair 
of an aluminum casting, in which the danger of cracking is great due 
to the hotshortness of the metal, is not to be undertaken without a 
reasonable degree of knowledge and a large degree of common sense. 
Many an expensive casting has been ruined by attempts at repair by 
self-confident but uninformed amateurs, whereas a specialist in the 
process can rebuild a crank case equal in appearance and strength to 
a new casting from a mass of oroken parts seemingly ready for the 
scrap heap. 


Torch Manipulation 


In the welding of aluminum one of the main points in which the 
process differs from that of steel is in speed of working. The speed 
is very much greater than with steel, and the movement along the 
seam becomes more rapid as the metal becomes heated. 
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The welding rod is held loosely in the fingers of the left hand, and 
it is kept in a direct line with the weld. The torch flame is directed 
centrally so that it melts simultaneously both the edges of the sheet 
to be welded and also the end of the welding rod. Both sides of the 
weld must be heated equally so that the edges will melt at the same 
instant, otherwise a bulky and uneven weld will result. It is also 
important when starting that the two edges should commence to melt 
before any filling material is melted. The welder quickly learns to 
judge the correct instant to commence running up the seam. If the 
torch is kept at an angle of about 30 deg. to the surface of the sheet 
(Fig. 2) it will prevent too rapid melting of the metal in a restricted 
area, and thus avoid melting holes through the sheet. By holding the 
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torch at this angle the outer cone of the flame will envelope the meta! 
well ahead of the point of welding, and so will make welding progress 
more rapid. Care must be taken that the weld penetrate the full 
thickness of the sheet. However, the torch must not be stopped in any 
one position for a sufficient length of time to melt holes through the 
sheet, neither should the inner cone of the flame be allowed to come into 
contact with the metal. The operator should watch the metal carefully 
for signs of melting, and fuse the weld metal thoroughly with the molten 
metal from the sheet. It is not possible to determine the melting point 
by the color because aluminum does not change color through the entire 
heat range used in welding. That is, it does not become red hot, but 
maintains its characteristic silvery white color even in the fluid state. 


Welding Commercially Pure Aluminum 


The assembly of parts before welding is gone about as in welding 
steel sheet of the same thickness. Long seams should be tack welded 
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progressively from end to end at intervals of three or four inches in 
order to prevent the edges slipping by each other. Intermittent tack 
welding produces an unsightly weld and is likely to cause cracks. After 
tacking, the flame of the torch is played upon both edges of the pieces 
simultaneously causing them to melt, and, the oxide being removed by 
the flux, the molten edges flow together and coalesce. Only a _ very 
small part of the metal is melted at any one time, so that the molten 
metal is prevented by surface tension from dropping away. The welder 
progresses rapidly along the seam, the edges melting under the torch 
and solidifying almost immediately as the torch passes on. In welding 
long seams, if pronounced buckling starts by the metal shrinking in or 
out, it should be straightened by hammering before proceeding further 
with the welding. When a welding rod is used, the tip of the rod should 
be held in the flame near the metal. Metal from the welding rod is 
flowed into the weld by the flame as the heat in the puddle alone is not 
sufficient to melt the rod. The welder should make sure that the added 
metal fuses thoroughly with the base metal. The weld should be built 
up 1/16 to 1/8 inch above the surface of the base metal. The weld 
should be completed as rapidly as is consistent with good workmanship, 
using a flame of minimum size. 


When the joint is completed every portion of the seam will have been 
melted and solidified again, hence the metal in the weld is in the cast 
state. 


In the case of hard rolled pure aluminum sheet the zones on either 
side of the weld usually constitute the weakest part, for the thickness 
at the weld itself can be increased by the addition of welding rod, and 
the weakness of the cast structure at the weld counteracted by this 
means. The annealed zones on either side of the weld remain, however, 
so that whatever the original temper of the metal the final strength 
will be about 14,000 lb. per square inch. 


Welding Alloy Sheet 


Simple alloys are readily welded in the same manner as commercially 
pure aluminum sheet, and the same sort of conditions apply. Thus, hard 


rolled sheets, after welding, will exhibit the three zones. 


(1) Cast metal at the weld. 

(2) Softened regions on either side. 

(3) The remote parts of the metal which have not been affected by 
the heat of welding. 


With heat treated alloys such as 17S, 25S and 51S it might be expected 
that if the whole object is submitted to heat treatment after welding 
the original strength’ could be regained. However, these alloys in the 
cast condition are much less susceptible to heat treatment than the 
wrought metal. Therefore, while the partially annealed zones on either 
side of the weld would respond to heat treatment, the cast metal in the 
weld would be much less affected. 


In the case of heat treated alloys, the area on either side of the weld 
is not completely annealed. A series of Brinell impressions was made 
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on welded specimens of 0.064 in. heat treated 51S sheet to determine 
to what extent the heat of welding affected the temper of the sheet. 
The results of this survey are shown graphically in curves of Fig. 1. 
Curve No. 1, which represents the condition found to exist in heat 
treated 51S sheet as welded, shows that at a point 1/4 in. from the 
weld the sheet is in the heat treated condition. At a point one inch 
from the weld, which was found to be the softest area, a very slight 
annealing has taken place. The Brinell number for fully annealed 51S 
sheet is about 28, while the Brinell number at this soft area is 50. 
The Brinell number for heat treated 51S sheet is about 63. For the 
heat treated and artificially aged material the Brinnel number is about 
95. As we move farther away from the weld, the Brinell numbers show 
an increase in hardness until a maximum is reached at a point three 
inches from the weld. This point represents an area in which a slight 
artificial aging has occurred. Beyond this area there is a slight decrease 
jn hardness until a point four inches from the weld is reached. Beyond 
this point the temper of the sheet has not been affected by the heat of 
welding. 

Curve No. 2 represents the condition found to exist in a specimen 
of heat treated 51S sheet that was artificially aged after welding. In 
the partially annealed area one inch from the weld aging has not had 
much effect. However, at a point two inches from the weld, the sheet 
has been fully aged. 


Duralumin is extremely hot short and care must be taken to avoid 
contraction strains when welding this alloy. Such strains may be 
minimized by preheating or when this is not feasible, by observing such 
a sequence in assembling the article to be welded that the metal adjacent 
to the weld will be free to contract without setting up undue strains on 
the weld. Perhaps one of the best means of preventing cracking from 
contraction strains is to use a 5 percent silicon welding rod. As pre- 
viously stated, this alloy has a lower melting point than duralumin, 
hence remains molten after the base metal has solidified. This permits 
the weld metal to fill in the voids caused by the solidification contraction 
of the base metal. Furthermore, the stresses due to contraction shift 
their effects from the base metal to the weld metal, which being free 
from hot shortness, will stand the stresses without the development of 
cracks. 


Welding Castings 


When a broken aluminum casting is to be welded, it should first be 
cleaned carefully, removing every trace of oil, grease and dirt by means 
of a wire brush and gasoline. Unless the casting has a very heavy 
cross section, it is not necessary to tool the crack or cut out a vee. If 
the casting has a piece broken out of it, the piece or pieces should be 
held in correct position by light iron bars and appropriate clamps, the 
clamps being so attached as to avoid straining any portion of the casting, 
especially the thin walls (when near the melting point the metal is very 
weak and will crumble under slight strains). The casting, particularly 
if a large one, should be preheated. Many expert welders are able to 
do splendid work without preheating, but this ability results from long 
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experience. If the casting to be welded is small, or if the weld is near 
the edge and in a thin walled section, the torch flame may be played 
over the pieces so as to preheat them before starting to weld. The cold 
aluminum should be heated slowly. A quick heat will crack the metal 
near the flame. . 


To again consider the broken crank case already mentioned, as soon 
as the casting is properly preheated, it is tack welded. Then starting 
at the middle of the break weld toward the ends. Welding rod is added 
by holding the tip of the rod in the flame near the metal. Contrary 
to welding practice on steel or cast iron, the weld metal must be flowed 
into the weld by the flame, because the heat in the puddled metal will 
not melt aluminum. When a few drops are melted off the welding rod, 
it is worked around and into place with a rubbing motion of the rod. 
Care must be taken to get the new liquid metal to the bottom of the 
crack, all the time playing the torch about freely, but always with the 
tip about two inches from the metal. 


When the weld is finished the casting is annealed by adding four or 
five handfulls of charcoal and covering the furnace top with asbestos 
paper. The fire is allowed to burn out slowly and the casting cooled 
in the furnace. 


A charcoal furnace is not necessary when filling holes in castings. 
The area is preheated locally by playing the torch about the hole. The 
hole should be shaped up so as to remove all pockets and to permit 
proper manipulation of the torch. In filling blowholes the cavity should 
be thoroughly cleaned so that only clean metal is exposed. The prepara- 
tion of a tooth for filling by a dentist is an analogous operation. 


For filling holes and welding castings, it is usually preferable to use 
a weld metal of the same composition as the casting. However, in the 
case of complicated castings where severe contraction strains are liable 
to ensue, 5 per cent silicon welding rod would be more desirable. 


A flux should be used when welding aluminum castings just the same 
as for sheet aluminum, however, there is no objection to puddling also, 
Puddling will merely break up the oxide film and leave it intorporated 
in the weld metal, thus weakening the weld. The flux will float the 
oxide particles to the surface and leave a clean sound weld. 

Finishing 

As soon as the weld is finished and the work has had time to cool it 
should be thoroughly washed to remove all traces of flux. If the flux 
is permitted to remain on the weld it will cause corrosion. Therefore 
it is very important to be sure that every trace of flux is removed, 
particularly if the completed job is to be painted. Merely cleaning by 
means of hot water and a scrubbing brush is not sufficient or thorough 
enough to remove the flux that may be in crevices or cracks which are 
not readily attacked by a brushing operation. A more effective method 
‘f removing the flux is by means of a steam jet, the steam jet impinging 
upon the welded joint. When a final sand blasting operation is used, 
the steam jet should be used both before and after sand blasting. A 
still more efficacious scheme for removing the flux is to wash in a hot 
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2 per cent nitric acid solution or a warm 10 per cent sulphuric acid 
solution. In general, the flux removal may be very efficiently performed 
by first thoroughly soaking the welded article in a “First Wash” tank 
of hot water for about three minutes, during which soaking period the 
welded joint should be thoroughly scrubbed with a brush to insure the 
removal of the bulk of the flux. The article is then dipped in the acid 
tank for from three to five minutes, after which it is again dipped in 
the first wash tank and then thoroughly rinsed in a “Final Rinse” tank 
of hot water. The washed articles, if small, may be dried in sawdust. 


Welds in aluminum are quite often untouched after completion, espe- 
cially in the case of thin sheet metal, where the weld should be so even 
that it is not unsightly. When desirable the weld can be made completely 
invisible by grinding off the excess metal and polishing the whole. 


Welded Aluminum In Aircraft Construction 

Welded aluminum joints have not been looked upon with much favor 
by the designers and builders of aircraft. However, such joints are 
being used to some extent, particularly in gasoline tanks. Figure 6 
shows a view of a welded gasoline tank built for the Curtiss Company. 
These tanks, which have a capacity of 113 gallons, are built of light 
gauge sheet aluminum. The baffle plates are held in place by rivets, the 
rivet heads being welded to the outside of the tank where they come 
through to prevent leaks. All seams and all connections in the shell of the 
tanks are torch welded. 


After welding the tanks are washed in warm water to remove the 
greater portion of the flux. They are then submerged for an hour in a 
warm 10 per cent sulphuric acid solution to dissolve and remove al! 
traces of the flux, after which the tanks are washed for one hour in 
running water. The tanks are then tested by connecting a hose and 
completely submerging the tank in water, forcing in air and looking for 
leaks, which would be indicated by bubbles of air rising to the surface of 
the water. A mercury column is used for indicating the pressure as a 
pressure gauge is not considered accurate enough at these pressures. 


Conclusions 

The factors which have been discussed are the ones which, if not prop- 
erly controlled or handled, offer the greatest potential difficulties in weld- 
ing aluminum. However, the welding of aluminum, and excellent welding 
too, is not a really difficult process. Welding is a metallurgical process 
and is, consequently, governed largely by natural laws. Excellent con- 
sistent results will be obtained if the principles involved are understood 
and employed correctly. This is shown by the fact that excellent welding 
of aluminum is done day in and day out all over the world. 
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Report 


of 
Comparative Transverse Bending Tests 
Welded 20’ I Beams 
for the 


Electric Arc Cutting and Welding Co. 


W. J. KREFELD+ 


GENERAL 


HE tests recorded herein were made upon three Carnegie 20 in. 

I-65.4 lb. beams, 12 ft. long. One of these beams was continuous 
and not spliced. The other two beams had been connected at mid-length 
by welding. The method of connecting the two sections of these beams 
was as follows: 


Specimen No. 2. This specimen consisted of two 6 ft. lengths of 20 in. 
[-65.4 lb. beams butted together at the ends and joined by arc welding 
in which metal was deposited across the joint on both sides of the beam. 
This welding metal was deposited across the joint over the full depth 
of the beam including the upper flange, web, and top of the lower flange. 
In addition to the deposition of metal across the joint, a 34 in. x 6% in. 
x 24 in. steel plate was welded to the lower flange, as a splice plate, this 
plate being attached to the bottom of the flange, by welding along the 
outside edges. 


Specimen No. 3. This specimen consisted of two 6 ft. lengths of 20 in. 
1-65.4 lb. beams butted together at the ends and joined by depositing 
welding metal across the joint on one side of the beam and by attaching 
a Splice plate across the joint on the other side. On the side joined by 
the deposition of welding metal across the joint the method was similar 
to that of beam No. 2. On the other side, the upper flange was again 
connected by the deposition of welding metal, but the web was connected 
by a % in. x 1714 in. x 24 in. splice plate welded to the flange fillets 
along the top and bottom edges, and welded to the web at each end of 
the plate for a length of 51% in. at the center of the web (i.e. not a 
continuous weld along the edges for the full height of web). In addi- 
tion to the above connection a 34 in. x 8 in. x 24 in. plate was welded 
to the bottom of the lower flange by welding along the outside edges, 
thus connecting the edges of the flange to the plate. 


tEngineer of Tests, Testing Laboratories, Dept. of Civil Engineering, Columbia 
niversity. 
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Fig. 2 attached herewith gives the dimensions of the connections 
described above. 


The specimens tested were submitted by the Electric Arc Cutting & 
Welding Co. The tests were witnessed by Gilbert Serber, C. E., and 
M. Stadtfeld, Assistant Engineer, Board of Transportation, New York 
ee 
Method of Test: 

Each of the beams was supported on rocker supports with a span ot 
eleven (11) feet, center to center of supports. These supports provided 









r 
Stan We 3 
Mavmum (oad 
ooce 217600 
| 
JQ00¢ 
Mexrmum load 169600" 
| el 6 
Moumum Load (50900 * 
| me Sean No! 
| Load Deflection Curves 
Cm oa 
Pian and Welded 
iene 20 in I Beams 
50 00. 
60 
40 Ge 
x 
Deflection - Inches 
2 3 4 5 6 7? » <i em 2 8 @ 3s 














Fic. 1 GRAPH OF RESULTS OF BENDING TESTS 


a four (4) inch bearing across the full width of the flange. Load was 
applied by a 400,000 lb. Olsen Testing Machine at mid-span. The load 
was distributed to steel blocks 4 in. wide laid across the upper flange 
and spaced 6 in. apart, thus actually resulting in two concentrations 


close together at mid-span. This method was adopted in order to ensure 


a uniform bearing in the case of the welded beams which had welding 
metal over the joint on the top of the upper flange rather than appl) 
the load directly to the weld. The bearing blocks thus straddled th: 
weld. The continuous plain beam was tested with the same load applica 
tion for comparison. 


Deflection of the beam was measured by means of a fine steel wir 
kept taut between points on the lower flange directly over the support 
and a steel scale reading to 0.01 in. attached to the lower flange at mid 
span. The center deflections were recorded at increments of 10,000 |! 
applied to the beams. 


Load was continued until buckling was produced, i.e. maximum load. 


Results of Tests: 


The following tables give the loads and corresponding center deflec- 


tions as recorded during these tests. Accompanying this report thes 
data are sown grapically by curves on Fig. 1. 
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Log of Transverse Bending Tests on 20 In. I-65.4 Lb. Carnegie Beams 
Specimen No. 1-—Plain beam, continuous. 
Span—11 feet. 
Loading—Central. 


Applied Load, Center Deflection, Applied Load, Center Deflection, 
Lb. In. Lh. In. 
10,000 0 90,000 15 
20,000 0 100,000 175 
30,000 04 110,000 195 
40,000 055 120,000 225 
50,000 06 130,000 27 
60,000 095 140,000 Al 
70,000 11 146,000 74 
80,000 13 150,000 99 
150,900 Max. 1.24 
Load 
Permanent Set 1.00 


Remarks: Beam failure. Pronounced center buckle-in top flange. 


loading Diagram and Sections of Welds 
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Log of Transverse Bending Tests on 20 In. 1-65.4 Lh. Carnegie Beams 


Specimen No. 2—Welded beam with metal deposited on both sides and plate 
welded to bottom flange. 

Span—11 feet. 

Loading—Central. 


Applied Load, 


A Load, Center Deflection, Center Deflection, 
Lb. 


In. Lb In. 
10,000 01 100,000 145 
20,000 04 110,000 16 
30,000 .055 120,000 18 
40,000 .06 130,000 .20 
50,000 .08 140,000 .22 
60,000 .09 150,000 .265* 
70,000 10 160,000 44 
80,000 11 165,000 59 
90,000 13 169,600 Max. 81 
Load. 
Permanent Set 59 


Note:* Start of slight top flange buckle. 
Remarks: Beam failure. Pronounced center buckle in top flange. 
No visible effects in weld. 


Log of Transverse Bending Tests on 20 In. 1-65.4 Lb. Carnegie Beams 


Specimen No. 3—Welded beam with metal deposited on one side and splice 
plate welded to other side and plate welded to bottom flange. 

Span—11 feet. 

Loading—Central. 


Applied Load, Center Deflection, Center Deflection, 
Lb. 


Applied Load, 
Lb. 


In. In. 
10,000 01 130,000 .195* 
20,000 03 140,000 21 
30,000 .04 150,000 24 
40,000 .05 160,000 B45) 
50,000 .06 170,000 35 
60,000 075 180,000 45 
70,000 .095 190,000 .62 
80,000 ll 200,000 86 
90,000 125 209,000 1.18 
100,000 14 210,000 1.19 
110,000 15 215,000 1.40 
120,000 165 217,600 Max. 1.65 
Load 


Permanent Set 1.30 


Note: *Start of slight buckle in top flange on one end, 

Remarks: Web buckling on one end from center toward end accompanied 
by pronounced top flange buckle on same end in a direction away from the 
side with the splice plate. Slight buckle in bottom flange in opposite direction 
to that of top flange. 

No visible effects in weld. 








Hints on Heavy Cutting 


Correct Practices in Production and Demolition Using the Oxy- 
Acetylene Process and Oxygen Lance 


A. G. WIKOFFt 


VEN after considerable experience in cutting metals with the oxy- 

acetylene blowpipe, it is difficult to realize that the operation is not 
one requiring mechanical force or great physical effort. This is particu- 
larly noticeable when an operator attempts to cut material much heavier 
than that to which he is accustomed. There is an almost universal 
tendency to use an unnecessarily high oxygen pressure, acting apparently 
on the theory that high pressure is necessary for heavy cutting. 


This mistake, which is a very natural one to make, is probably the 
most frequent cause of trouble in attempting to cut heavy sections with 
the blowpipe. The oxy-acetylene cutting process depends upon the 
chemical reaction between oxygen and red-hot iron or steel. The iron 
actually burns so that the action is quite analogous to an ordinary fire. 
Sufficient oxygen must be supplied to keep the iron burning properly, 
but an excess may interfere with the action just as too much draught 
will blow out a fire. 


Assume, for example, that an operator, in attempting to cut a 10-in. 
billet or slab of steel, inserts the largest size nozzle in the cutting blow- 
pipe and adjusts the oxygen pressure to 175 lb. per sq. in. The cut will 
start all right but difficulty will be experienced in penetrating completely 
through the slab. After a time the cut will stop and examination will 
show a rounded cavity at the bottom of the cut. The natural tendency 
in such a case is to exclaim: “No wonder it wouldn’t cut; there was a 
blowhole.” As a matter of fact, this cavity was not present in the slab 
but was formed during cutting by the excess oxygen. The excess oxygen 
cools the hot slag and metal so that it does not cut cleanly but swirls 
around the bottem of the cut and soon forms a cavity of considerable 
size. This action is illustrated diagrammatically in Figs. 1 and 2. 


If instead of using 175 lb. pressure the operator had set his oxygen 
regulator to deliver 150 Ib., it is probable that the cut would have pene- 
trated entirely through the slab, but the job would still be unsatisfactory, 
as the cut would appear as in Fig. 3. From this it is evident that the 
oxygen pressure is still too great, as the swirling action at the bottom 
of the cut is still present. At the top the kerf might be about 3/16 
in. wide, but it would flare out to a width of 1 in. or more on the under- 
side. 


Blowpipe manufacturers issue charts showing the correct pressures to 
be used with their equipment for metal of various thicknesses, and if 
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the operator under discussion had referred to his chart he would have 
found that 115 lb. was the correct oxygen pressure for cutting metal 
10 in. thick. With this pressure the cut will penetrate completely and 


smoothly, giving a kerf that is slightly wider at the top than at the 
bottom. 


While correct oxygen pressure is probably the most important factor 
in heavy cutting, there are other points that should be noted. A little 
preliminary consideration of the placing of the material and of the 











Fic. 1 HEAVY OXYGEN Pressure FAILS TO 
PENETRATE 


location of the cut will frequently aid materially in speeding up the 
work. It is practically always possible to turn the part or to start the 
cut in such a way that the molten slag will have an opportunity to flow 
out of the cut freely. Unless this is done on heavy material the excess 
slag will slow up cutting action. Even with careful attention to these 
points, considerable practice will be necessary before proficiency can be 
attained in cutting heavy materials. There is, of course, a limit to 


the thickness that can be cut with the blowpipe alone when operated by 
hand. : 


Where long cuts are to be made in heavy material, a blowpipe mounted 
in a straight line cutting machine (Fig. 6) is frequently very effective. 
Use of this equipment covers such widely varying applications as the 
cutting of huge slabs of armor plate and the removal of exceptionally 
large risers. 


Where heavy sections have to be formed as a step in production work, 
the shape cutting machine is extremely useful. In this machine, the 
blowpipe is driven by an electric motor so that its movement conforms 
exactly to the shape of a templet. 
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OXYGEN LANCE 


In extremely heavy cutting projects, billets and other large sections 
which prove too heavy to sever by the use of the blowpipe alone can be 
cut by means of the oxygen lance used either alone or in combination 
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with a standard cutting blowpipe. With this latter combination, solid 
metal 8 or 9 ft. thick has been successfully cut, and the ultimate limit 
has probably not been reached. 


An oxygen lance consists essentially of a length of steel pipe connected 
through an oxygen hose to a regulated supply of oxygen. In setting up 
an oxygen regulator, at least two cylinders of oxygen should be connected 
with a properly designed manifold, and the flow of oxygen should be 
controlled by a manifold regulator which is designed to pass the large 
volumes of oxygen required by the lance. For connecting the regulator 
to the lance, standard 7-ply °%4-in. oxygen hose is suitable. Pneumatic 
hose or fittings should never be used ag there is always the possibility 
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that a piece of oily or greasy hose may be used. A piece of 1 in. XX 
steel pipe about 3 ft. long and bent as shown in Fig. 9 is then connected 
to the oxygen hose through a reducing coupling and standard oxygen 
hose connection. This pipe serves as a handle for the lance, permitting 
the operator to work at one side out of the direct line of sparks and slag 
produced in the operation. 


The lance pipe is connected to the other end of this 1 in. pipe by 
means of a reducing coupling. For moderately heavy work, %-in. steel 





Fic. 4 OXYGEN CYLINDERS MANIFOLD! 


pipe may be used for the lance, and even the heaviest work will not re- 
quire more than 4%4-in. pipe. The lance pipe should have ends with easy 
working threads as it is usually necessary to insert new lengths of pipe 
during the cutting operation. Each length should be provided with the 
usual threaded sleeve. All pipe used must be free from oil and grease. 
Probably the most satisfactory method for removing oil and grease from 
new pipe is to heat it red hot, thus burning or charring all combustible 
material. 


In operation the oxygen lance differs from the cutting blowpipe in 
that there are no heating flames to maintain the material at the kindling 
point. It also differs from the cutting blowpipe in that once cutting 
has started the lance pipe itself burns and furnishes the heat necessary 
to keep the cut going. In order to start the oxygen lance, it is necessary 
to heat a spot on the metal to be cut. This may be done in any one of 
a number of ways. If a cutting or welding blowpipe is handy, this fur- 
nishes the easiest way of heating the metal. Other methods are to place 
a red-hot rivet or a shovelful of red-hot coals on the spot, or to heat the 
end of the lance pipe in a fire until red-hot, then when a small stream of 
oxygen is allowed to pass through the pipe, the red-hot end will burn 
brilliantly, giving a sufficient heat to start the cut. 


In using the oxygen lance it is desirable to have two workmen, one to 
operate the lance and the other to control the oxygen pressure at the 
manifold regulator. In starting the lance only a few pounds pressure 
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is necessary; this is increased as the lance penetrates the metal, the 
final pressure depending largely on the thickness of the material cut 
and also to a certain extent on the composition of the metal. Thus the 
maximum pressure is about 75 lb. for medium carbon or machinery 





Fic. 5—( UPPER). 14 By 24-IN. BILLET CuT IN 12 MINUTES 
Fic. 6—( LOWER). STRAIGHT LINE CUTTING MACHINE 


steel containing up to 0.50 per cent carbon, and about 100 lb. for low 
carbon or mild steel. If the job is very heavy, a third workman may b« 
required to change oxygen cylinders and lance pipe. 


As noted above, the lance pipe itself burns during the cutting opera 
tion so that several lengths of pipe may be necessary on a heavy job. A 
sufficient supply of pipe should be available so that there will be no dela) 
in making the change. 


Used alone, the oxygen lance is more effective in piercing holes than 
in making cuts. Its piercing action is very rapid, not more than two 
minutes’ actual burning time being required to sink a hole 2% in. in 
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liameter, 1 ft. deep, into a hard mass of the thickest iron or steel. This 
property of the oxygen lance makes it of the utmost value in routine 
and emergency tapping of blast furnaces, open hearth furnaces, in open- 
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ing frozen stoppers on steel ladles, and in drilling holes in salamanders, 
spills and ladle skulls so that they can be blasted. The details of this 
work are beyond the scope of the present article. 


For piercing small holes accurately, a modified form of oxygen lance 
is very useful. The oxygen hose leading from the cutting regulator is 
attached to a carbon burning blowpipe handle. As the sleeve coupling 
for \%-in. steel pipe will fit on the exit nozzles of this blowpipe, a half 
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Fic. 10. LANCER AND 
BLOWPIPE TOGETHER 


length of %-in. pipe is used to form the lance. The valve on the blowpipe 
handle enables the operator to control the flow of oxygen very exactly. 


The use of this modified lance may be illustrated by describing how 
a 2-in. hole was pierced 41 ft. down the center of a 6-in. shaft. The 
shaft was first mounted in a horizontal position on rollers so that it 
could be rotated if necessary, and a simple wooden steady rest was made 
to hold the lance in the proper position. After adjusting the oxygen 
pressure at the regulator to 35 lb., the end of the %-in. lance pipe was 
heated red-hot with the welding blowpipe and a little oxygen allowed 
to flow through the pipe by opening the trigger valve on the blowpipe 
handle very slightly. Instantly the end of the pipe began to burn bril- 
liantly, and the operator brought it quickly in contact with the center 
of the shaft at the point where the cut was to start. 


As soon as this part was heated to kindling temperature, the operator 
opened the trigger valve wider and started the piercing action. The 
ciose control made possible by the use of the trigger valve enabled the 
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yperator to pierce the hole very straight along the center of the shaft. 
Any tendency to get out of line was also corrected by having a helper 
rotate the shaft 90° at frequent intervals. In this manner a hole about 
s-in. in diameter was pierced 24 in. into the shaft. At this point it 
was found that the hot slag would chill before it could run out of the 
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Fic. 12—(RieutT). 78-IN 
SKULL CUT IN Two 


pening. It was then necessary to enlarge the hole to the desired 2-in. 
liameter by moving the lance back and forth until the hole was of the 
orrect size. The two steps of first piercing a small pilot hole and then 
enlarging to the correct diameter were repeated on successive sections 
5 to 12 in. long until the shaft was completely pierced. 

It is obvious that this modified lance may be used very advantageously 


\o pierce small holes very accurately through metal up to about 24 in. 
thickness. 
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BLOWPIPE AND OXYGEN LANCE 


Although the burning of the oxygen lance pipe furnishes heat enoug 


to enable the lance to pierce holes through very heavy masses of meta 
the heat is not sufficient to enable the lance to be used in such a way as ¢ 
produce a cut. If, however, an oxygen lance is used in combination wit 
a standard cutting blowpipe, the latter will furnish sufficient heat 
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Fic. 13—CABOVB). 2-In. ROLL 
CuT 


Fic. 14—(CRIGMT) LANCE AND 
BLOWPIPE USED 


start a cut which the lance will be able to carry through to the bottor 
of the section. 


The procedure for cutting heavy material by this method is as follow 
The operator, using the cutting blowpipe fitted with the largest si 
nozzle and using an oxygen pressure of 100 to 125 Ib., starts the c 
at one side. The cut will penetrate from 4 to 8 in. into the steel mas 
and as the blowpipe advances 2 or 3 in. along the line of cut, a stea 
stream of white hot slag will start dropping from the bottom of the cu 
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\t this point an oxygen lance of 4-in. pipe is brought into action. The 
xygen pressure for the lance depends on the variety of steel—75 lb 
for medium carbon or machinery steel, and 100 lb. for low carbon or 
mild steel. The oxygen lance starts rapidly on the hot slag delivered 
y the cutting blowpipe and carries the cut to the bottom of the section 
The lance is then raised to a starting position and again lowered, remo\ 
ng another layer of metal as it descends. The action of the lance 


is 
hus somewhat like that of a cross-cut saw. 





Fic. 15 36-IN. STeEL Prntion CuT IN 30 MINUTES 


It is sometimes possible to dispense with the blowpipe entirely after 
the lance has had a good start. However, this is possible only where due 
onsideration has been given to the arrangement of the part to be cut. 
or example, in cutting some solid skulls 5 to 7 ft. in diameter, it was 
und most important to provide for the free flow of slag out of the bot- 
om of the kerf. On such heavy material a clearance of at least 8 or 
0 in, should be provided underneath. It was also found that placing 

e skull with its axis inclined 30 deg. instead of horizontal enabled the 
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cut to be made in a similar operation. As shown in Fig. 11, scrap ingots 
were used to support the skull in the desired position. 


This particular skull was the result of a freeze-up of a full ladle of 
steel, and it measured 78 in. across the top and 78 in. along its axis to 
the center, the weight being approximately 31 tons. Cutting was started 
at the point indicated, the cutting blowpipe being used to get a good 
start. The cutting blowpipe was then removed and the cut was com- 
pleted with the lance alone. As shown in the illustration (Fig. 11), 
the cut was started with the lance held vertically, but the lag that nat- 
urally developed during the cutting operation caused the cut to assume 
the direction of the dotted lines. As a result, by the time the lance had 
reached point X at the top of the mass, the bottom of the kerf had just 
about reached the lower point of the skull. =< 
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Method of Electric Welding. Serial Report of the Ind. Heating Comm., 
1927-28. National Electric Light Association, Publ. No. 278-93 (August, 1928). 

Novel Construction Employed in Houston Airport Hangars. The Australian 
Welding Engineer (Nov. 20, 1928), Vol. 11, No. 11, pp. 258 and 277. Are- 
welded steel construction proves most economical for building of fireproof 
aeroplane hangars. 

Oxy-Acetylene Tips (December, 1928), Vol. 7, No. 5. A modern system 
of handling cement. Subway construction profits by welding. Removing truck 
tires. Bearing surface renewed. A bronze-welded water supply line. Repair 
leads to manufacture. No more broken ribs. To offset severe usage and abuse. 
Tests of oxwelded joints in steel pipe. For jointing steel to cast iron. Rack 
for oxygen cylinders. Making the most of the blowpipe. For lasting orna- 
mental metalwork. Why hesitate as to method? Handy clamps fur the shop. 

Physical Study of Stresses That Result from the Welding of Large Diam- 
eter Pipe Lines. L. T. Jones and W. S. Weeks. Hydraulic Engng. (September, 
1928), Vol. 4, pp. 561-3, 579. Compares the strength of butt and flange welds. 

Running a Successful Job-Welding Plant. J. S. Oechsle. The Australian 
Welding Engineer (Nov. 20, 1928), Vol. 11, No. 11, pp. 253-256, 

Safe Practices in Welding and Cutting. Acetylene Journal (December, 
1928), Vol. 30, No. 6, pp. 249-252. Intelligerit use of equipment follows from 
understanding of use and properties of parts. 

Steel Storage Tank Construction. E. C. Moore. The Welding Engineer 
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(December, 1928), Vol. 13, No. 12, p. 61. Reasons for welding, and methods 
used in welding roof and bottoms on tanks up to 152 ft. diameter by 42 ft. 
high, and up to 125,000-bbl. capacity. 

e “Maine” Welding and Cutting Plant. The Welding Journal (November, 

1928), Vol. 25, No, 302, pp. 336-338. 

The Welding Process in the Coal Mine. E. S. Wade. Acetylene Journal 
(December, 1928), Vol. 30, No. 6, pp. 246-248. The oxy-acetylene welding 
and cutting torches find many uses in keeping the coal mine in constant 
profitable operation. Adequate equipment available. Reclaimed material val- 

_uable. Broken parts quickly returned to service. 

- The “Whys” of Production Welding. J. O. Bishop. The Welding Engineer 
(December, 1928), Vol. 13, No. 12, pp. 43-47. Discussing ten advantages 
realized by production engineers who employ welding in the fabrication of 
metal articles, 

Water Line Welding—An Evolution. The Welding Engineer (December, 
1928), Vol. 13, No. 12, p. 41. Oregon firm has spent ten years in the devel- 
opment of equipment and methods for producing welded pipe of large diam- 
eter. 

' Welded Floor for Gas Plant. Construction Methods (November, 1928), Vol. 

10, p. 9. Are welding, using adjustable clamps to hold stringers. 

Welded Stainless Steel Annealing Pot Cuts Weight and Cost in Half. The 
,_Welding Engineer (December, 1928), Vol. 13, No. 12, p. 63. 

’” Welded Structures—Savings Effected by Welding. The Australian Welding 
Engineer (Nov. 20, 1928), Vol. 11, No. 11, p. 278. 

elding and Repairing of Rails. AEG Progress (September-October, 1928), 
Vol. 4, pp. 281-2. Electric-are welding. 
’? Welding as a Fabricator’s Tool. Fred T. Llewellyn. Engineering and Con- 
tracting (December, 1928), Vol. 67, No. 12, pp. 621-625. An outline of prog- 
ress made in last two and one-half years. Work of Structural Steel Welding 
Committee. Can standard grades of steel be satisfactorily welded? What 
effect will the welding operation have on the base metals that are to be 
united? Can methods of making welds by different processes be standard- 
ized? Can values be fixed on some unit basis for the strength of the more 
usual types of welded joint? 

’ Welding Facts and Figures—XXXI. D. Richardson and E. W. Birch. The 
Welding » Saha (November, 1928), Vol. 25, No. 302, pp. 326-329. Handbook 
_ for welding engineers. 

'* Welding for the Heating Contractor. H. E. Wetzell. Heating and Venti- 
lating Magazine (October, 1928), Vol. 25, pp. 62-5. Advantages and disadvan- 
tages of the electric and the oxy-acetylene methods. 

Welding Steel Buildings by Electricity. F. P. McKibben. Canad. Engr. 
(Nov. 13, 1928), Vol. 55, pp. 665-670. Beam and girder assembling by the 
electric are. 

Welding Structural Steel. H. H. Marsh. The Australian Welding Engineer 
(Nov. 20, 1928), Vol. 11, No. 11, pp. 268-272 and 280. Interesting tests on 
welded connections. Tensile test results. Shear test. Static test. Vibration 
test. Shock test. Welded and riveted connections compared. Destruction test 
on pressure vessel. Comparison of riveted and welded girders. 
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